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(54) OPTICAL MULTIPLEXING TRANSMISSION SYSTEM AND OPTICAL MULTIPLEXING TRANSMISSION METHOD 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide an optical multiplexing transmission 
system and an optical multiplexing transmission method capable of identifying a 
fault location and a cause of the fault at an early stage by supervising data 
transmission in a relay section of an optical transmission line in optical 
multiplexing transmission. 

SOLUTION: In the optical multiplexing transmission system for optical 
communication by multiplexing a plurality of wavelength-divided or code-divided 
optical signals by use of an optical transmission line, optical repeaters 4-1 to 4- 
m located at least one or more optical relay points are provided with code error 
supervisory function sections 4c-1 to 4c-m for optical repeater input, and code 
error supervisory function sections 4d-l to 4d-m for optical repeater output, 
respectively functioning as fault supervisory means which supervise fault by 
checking code error rates against electric signals converted from at least one or 
more optical signals each having a single wavelength extracted from the 
wavelength-multiplexed optical signal. 
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mi 1 mma±.cr>yt^m}^cDX:fj^tfziiititi^. 

n^m'omi':L'y::^iff5tMz. ■f-:f^m^(7)^m}t 
rMi. t tzim^m 2 izim<7)^^Mim>'X7'j^ . 

^m*)m^:c'yi^ino=E-iS^^mbt:iSttZb?:m 

mzx *)^m^tit:tm^^^mLx^m.mi:^o^^ 
mmmifmiz}5\^x . 

^^^< i: t imrniVJico^^mAiz. m^^wi^mh l 
< ii^^^m^m^tifzyem^^i^'j^^j:< b 1 1 ^oji 

t i l.|^W^S:fif 0 I^Wi£«^!M2:i5-tf ^ b 

bi-?,^^mmkijm. 



•g. i ^'^mb^hmiiim 5 ^z=mcr>^^mfsm^. 
I If 7 ] itnaK . 

ii'-=5r < i: 1 1 1 1 < {4«=-^Sr}#o3K 

mt:m\ mMi^m^brntm^x'^-thyt^t^mk 
m^tifzr'-is^m^x'wm^^^mmmb . 

nx-tt±m^wx9mb i:itttz b ^m^b-t^mm 
3S 5 , * tzim^m 6 izMmcoyt^mis^ijm, 

iz^L. mmss.m'^ti^imth7'-:s^m^i:tmLx 
m. b -tm^^ 5 , ^ 6 tcieiicojt^sfEi* 

[000 1] 

-^izm-ti>. 

[0002] 

[fia^^^ffi] ifi^. 3teilieE«5ojl#lcJ:0. 1*<?) 

x-^'^lnll^tCfEjii-rSjft^^SiJ^* (WDM : Wavele 
ngth Division Multiplexing ) gi*:6"it*^||3K$ixT 

\.^?>. men. mk<7)^tfmtmi:mmrhfzif)ff)m^ 

l-l^l-nl±mmmh^yx:tiyy. a-l 

- 1 a - n tmm h 5 yx:tiy:}f^mi^^fi'^mmm 

~3-m(43t4'«-fe;'i^3>'-Ci>-l.. tfz. ^^9-1 
1?-^9a-l~9a-in{45e4'l8 

mi^mi^^fi^^mmsi. i^-^9 b - 1 ~9 b - m(± 

Sggp, ^^e-lS-nli^mmhyyx7i<yr. n 
^6a-l~6a-n (4Sfib y yXiftyjr^mv^ 

ivmwm.^. ^eh-i^6h-Mt^mvyyx 
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[0003] m^(Dmwmmmcom^. im^tih^^ 

mmm3 1 a - l - 1 a - n J: '93S^?]^3t^'^>'^*^ 

i)^^m.m^titzm. ^i^izytmMm?nzj:hmmh^y 
xr^y *) 'mim^ ib-i-ib-ntcio 

m\ fcl>v^{4WDMS|gffl|{=:|SlS*«JbS<7)*»*<#^S 

tlh. 

[0 0 04] mz. jiiriiih7>-x7Ky^i - i~i - 

WDM m^p\^m) ^ii. m>m^i^i-3y3-i 
izmm^nt. y6'pm-t^->3y3-i'^iim^titz 

-Thtzlf). T^+Jilf 9 - 1 iZi 0WDMfi-^3\3SM^ii 

d:cr>yt^m-k^i^3y3-2lzmtii-t^. Z<r>X 
o^aSS^r^DilLT. Tt^^-tr g >- 3 - 1 — 3 - 
m2it/f7t4'i^9-l~9-m$riigALT, ^A^iStS 

'pm^y^^mi^^ji^^mmm 9a-i~9a-m,s, 
i/3t4>siii7ti*m u<^\^mmmmu 9b-i-9b-m 

y3 - l^rifTISS^**^LTV^-5*>g*»S: h-:f'f\^ 

[ 0 0 0 5 ] -^r. sfiw-cti, mM^mLmu 5 x-^ 
m^iz^r^L. ^m^tifz^m^ii. ^mmh^y^^ 

n^. ^mYvyx^yy^^mv^)vmm. 

*^'jEm*^*-^ll«t. ^mhyyx^^yy^^my)^. 

t -C V ^:5:v ^*-S:!|f ^ i: if^m h^sh, 
[0006] 

[5IWj)¥^tJ:ai:^-&iR)S] :i<7>^\i. 

m^<r) 1 ^t^-y/p*^ 1 mmzx r)T-i^im-t^m 
m^AX'i'-^cr>^mm'oti<^iii^tixi>. mm 



^mmh^yx7t^yy6-i-'6-nx\ f—^wk'om 

Jii^^'^ 4 - 1 <7) i: i l,zmW*^^ l-X\>^i><7)i)^^^ 

^■r^m.iz. ^m^^sh'K^mmmzm^-t^^mti^ti^ 

[0007] ■t^j:h-h. wDMimx'li. -mzt/ttpm 
Lx0''^M~mmmti^t&^j:^mm^fi^mmit<7)m 

m-hztiji-' mm^im^ztch. wm.ti^%htih" 

^lVti^(:>%<r>SliK (Signal to Noise Ratio : iM^M 

muit) ^m^h, ^Lx. mmz^zt^t>^T'—!^ 
m^<^Wk^m^m^ht\'^o^mf^^ifihhixx\.^ 

( 1 ) ^mm^fHmzimt'^^L. ytsNRA^^^itL 

( 2 ) {TM^X'$>hytyT-(^<'pcr,^mmyt^^i,zj: 
^-jv-m^-R^m Lzii^y.^-i^ mn\.zWk 0 

[0008] *MH>B{4. ±£raSA{cffii^T^:$ii:'-ct 

cr)x\ ^^mB.mzin'^^mm^<o^im.m(>zii\^x 
i> "f-^iSimcom 0 m.mt:^'^ x . ^izmmtmym 

[0009] 

ifiiz^ *iiBfl{4, mimiim^^xmm(^r&^i>L<ii 
^izx o-^m^tifz^^-tr^mLx^mirno^ 

'pMAiz. mM^m^mi>L<i±^^m\^M^tu-z^ 

trW^^^ir^mttzii^mL. wem^irmmi^ 
iz^ Lx^-^m 0 X y ^ i s mwmmirn 0 n 

'^m'0^mm^4 d . 4 d - 1 ~4 d -m ) i:mx.fz 

zbimmb-t^. a±com^izj:^. m^tfzun^ 
izx-^x^m^tifz^m^^^^. ^^^< b 1 1 mLt<D 

[0010] 2|s:^B^{4. iieTt^MfS^i^XT^^tCtjV* 
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[00 11] ^^mi±. ±te3t^*fEii5^^xAtt3V^ 

^■t^ye^mm^^tifz'f-i^m^x'n&^m-t^ 

xwm^^^v. rfn^^m^m^Ltztk. 

m^^m\^x. ^m^ixfz^m^x^^^^tii-z%m^ 

^m. h?>^^im^^wipm^tifz^^^-t, m.^ 
X. ^mtifztitm^Ttizm^tix. jt<r>m^m^ 

[0012] ^wfi\i. imt^mm^iyy^^Mzaw 
X . ffieit«iiffi#®<±. i^Witm^n 1 1 < 

m'n^fitz^m^-b^ty. 'Mts:< 1 1 1 -^ui±<7)M^-<D 

s {mx.imm<^mmcoye:^ry i ? t^y^ji-:^ i 

8. t.fz{it/t^y^l7b±T-(VU-:}^19) Ki 

mmsi.m^-ifiiim-hy'-^m-^iumLx^ 

tlfzytm^i}-i^. ^T-^'fi^tL-C. n^c^WiMt:^ 

[0013] *%Hj(i^ ^ii.m,im^^xmL<r)^^i> 
L<i.m^i.zx ^mi^ixtzitmm'S'mLx^mi 



^'^mj^iz . «i:g^sii^« t L < 

^-^*^'^ij'^=S:< i: t l':>J^iLli<7)#-co*St L<{J^? 
m,z^LX^^W< 0 - X -y J; S I^SHM^tf 3 

[0014] *f6Hj{4. ±im^m.{m-m:i,zti\.^x . 

^^%m.fz\i^m-i>^b^'mm,b'fh, 
[0015] *i|Hfl{i, ±ie3t^m^:*rSi'fcv^T. 

mi3tm^%mm.\z^'o%m:ti^z%m^^'m, 

mi3t^^bWi\^mM:xmtthm:^ 
wm^f\.fz^-9m^xMm^mthmi^mb . s 
imm^ixfz%m^^mwt^mA(r)mun^m^n 
x-th^^mx^b^-^ti^ b ^'m.b -th. 
[0016] *%Bj«4. m3t^mm.^:^^Mzii\^ 
X. msmmsmmii. m^m^mi>L<im^ 

W]^M^tifz^m^t-i^, ^-5r< lol.:i±co*-<73 

Mb. sm^^^m>mizi*)^^tu-z^^^m 

m tX^^m 0*^x-y^$rtfa^:-:5'«rai: i^tsZ 
b^^Wib-Th, 
[00 17] 

iw^(^mm<^mm'\ ot. ^%mcnmm<7)mmf,zxh 
it^mBMi^^^j^^mm^^ULxmrn-th. ^tj, 

^j^^-mbLxmrn-th. 

( ^ 1 <r>mM.<r>mm )mm. ^w^cr)W, i ^ohm^oj^ 

^)oT. '^w^iiZ^i'Thmmm^m^^tz^^f^m*)^ 

1 a - 1 - 1 a - n {ijMfUffl h ^^X.-Ky^cO^ML 
K;PS«il«gia5. - 1 b - 1 - 1 b - n tiil^fHi h 

m^S^X'h^. tfz. ^^2tmmcoh^yy.7tiynz 

X 'yx±^^tirz^m<D^Mc^ytm^i:0'm-t^^M^ 
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[00 18] ^tz, n^S-l^S-mtiytyr^^^^ 
1$-^4 a - 1 ~4 a-mim'^imti^mttms^<^ 

-^4 b - 1 ~4 b -miit;t^ms^i)mm'ttytm^cr>i^ 

4 c - 1 ~4 c -mli>f(fifm^X:fjm(r>^^i:^mSS. 

0 ^ffitggp. ^?-^4d-i~4d - mim^m 

[ 0 0 1 9 1 i^vT. «F-f-5{iai;R^si|^fi$it/::3efi^ 

O.W-t6-l-6-n fi^ix-f ixgfi L7tM=5r-i. 

[0020] ^t>\ ilBtCfctt-Sm. nfiS^f^Tifeo 

X . n^comz r - n J r _ mj LX^^^ tizi 

;ctf3t4'*iS4-l~4-m. Sfih^yx-tfyy^?^ 
^0K««tga56b-l~6b-n{j:. -etL-^n^K+ili 

S4*-'m<i. ^mhyyx7i(yyi[^^y)^mM^me 
[ 0 0 2 1 ] la 1 im\'^x:mmcr)mmcr>^^m. 

nmA^'j i*fi h 7 yx:ity^^^mi^^f\^mm 

1 a - 1 ~ 1 a - ntC i »33iflJ^:3tK/W*»S*> 
5:S^SiX7tf*. ^(>lz^m^^lzJ:?>mmhyyx 

^yy^m'om.wmM 1 b - 1 - 1 b - i 

[00 22] mz. m.mmh^yx:ityri-i^i- 
M m^m^M) ^ti. ^'pm-^^i-^ys-iizm 



tzif). yt'i>m^4 - 1 i 0 WD mm^^&^Mm 
L. }iR.<7m'¥m-t^i^ay3-2 mTT^it-r) izmm^ 

-l~3-n. S.l>'3t4'^4- l~4-n$rMiL 
[0023] SM«lt'(i. ^;5^aa8tga55T'WDMe 

r 6 - 1 ~6 - n(c J; o-caP$^T.#7'-:5'm^S:t# 

««ga56b-l~6b-nfcj;-?t:, flMtJ^T^-^fl 
ft-f-Sr^l # jg-riiutC. WD MfE3MK^I*|-C'fi#O^W 

c 0 0 2 4 ] tfc, %^mmmmx'\t. 

mV^)V^W^^^A a - 1 -4 a- m, T^tf^^^lS* 
^V^)\^W^^^A b - 1 ~4 b -m{Ci ^T, 

d . mz. m^^mKhVi^m. 0 i^filflga54 c - 1 ~ 
4 c -m. 3t+ilSaJ:»j4*^^Oi£S«Sga54 d- 1~ 

^iii'tcti. i:<^3t4'ttSli)L<«±5t4'^-fei?i^3y-C 
[ 0 0 2 5 ] if^. SK^*«S5«OA:»J^T'CO^?-f-^0 

^himm^^x'hh. ttz. mm^m^c^tatimz 
i>w^m'o^mmi}ms^ti.x\.^^fzib. mmemm 
m^M(^Hmizmixtmm^mThh. -t^h-h. e 
mij\^^zn Lx±^co^'pm-^ ^ 3 yx-m^tzmm 
i}\ '^mt^m^x'm^fzmmi)-^mmizs.m-t^^t 

[ 0 0 2 6 ] ^fc. :^mM&comm'Cim^m^mfj3Si, 

im^zmxmmtx^^htiK mM(^fthK>iz^-^i:m 
m Lx^m^^'ifm/^mLxmm-thim^m\^M 

(OCDM : Optical Code Division Multiplexing) 

[0027]*^. ±.mr>m 1 (D^cDimrcii. 
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[00 28] (m2i0|li6OJ^®) 02 (a) ti. 

m<r>m 2 commcommiz j: ^ ^^-mm i^x^j^ ^ mm 

X. %^im\.z^^m')mMmt^mumthmi<^^ 
^mmth, 122 (a) {,zii\^x. ^loiimim 
4 i,z^ttih±mmi^x'h '9.4c {m'^'^Knmz 
^m.^ixtz%^m^Kn^m^mmmx'h^. ^ 

n^^^j:fzib. ism\^{znLX'^m3t^wmk^ 
m,um:mtzm^tK ^^imx-i^^tz^t-^^m 

mzwan-^ ^tifiX'^^j:^^t\^d X^ij^h Lt^ 
[0 0 2 91 (mScOllMtOJg®) 02 (b) ti. 

^uiBH^s. 112 (b) icfcv^T, ^nioim2<r>m 
m<r)mmtn\^< . ±^wmAi,z^t.ixh±m^^x'h 

^(o^m^mK Bmi\p\^zjiiLx^tiii^±.^^<^%^ 
w:m^tz^i)\ '^mt^^x-mtzmmii^^^m 

[00 3 0] {m4commcomm)m2 (.c) li, 
mcom 2 cr,m&cr,mm^zx ^ ^§^m.&M>^xy^j^^wim 
■rmx'h-^x. mi<7)mm(mmtm^d:hf^mtL 
X. yt'ptimizi^^mmMim^^RiM-ti^^mcr);^ 
imm-fh, 02 (c) izi3\.^x. ^ioim2(Dm 
mc^mmbmtK. yt^im4iz^ttii>%mm^xh 
0. 4eii^mmmocr><^<m^izmm^titz^'i'm 
m^^rn'o^mmm-h^. :icD^izii. ytmm^ 
cri^'L^mz^^m 0 ^mm^mm^tix \,^hfzi^. s 
mMmim(r>m^^^i)\ mmijj^i>zMLxmtm^m 
Si 0 t,±s[£^4'«-feiJ' 3 yx-mmt^m^tzz t ^ 
umthzbiMmx'hh. tfz. ±ft#o3tsNR«^) 

[ 0 0 3 1 1 ^rJ3, }:^(r>^2tf^t>^4<rmk<mmx 



^^m^mf]^^m>,zmxm.mLx\^i,-t)-. m 
(ciiUTt. %mw,^^m\'^xB.m'ti>^\i. 

[ 0 0 3 2 ] <Xt3. ±3*^^l^ 1 i)^(^m4cr>mMcr>mMiZ 

micommm) ms (a) ti. 7t4'^SA:'3«F-^^'9 

^#^cOfl|fig«?«-C«)-l.. 03 (a) t::ib-V^-C. ^10 

timmcmmx-mmbti , ^4'*iS4 ix^yetm 

[0033] ^$-^1 2. 1 3^i7r-<^^'y5■/^^^/^- 
T•-f ( F BG : Fiber Bragg Grating ) X'^h. y 

(r)mifmimmmizs^^^itrzi><r)T, 

mm. mmmtmnm^^i\:^'±tzbizxK>m^<7) 
k^v-y^^^) (mA<sx.\,zmM'^^hz.kifiX' 
^ ^ . 1 5 \immmnx'h x . ^m^ti.tz^ 

}^L. wmMmmimm-h^—^m^^w\^x^^ 

h^^^mm^in.fzir-'^'mxM^^-fh , 
[0034] W.Z. 03(a) \.z^.\.tzmmi<m^-k 

Wmtht. WDMSiXf^ft-f-«±-9--^j.^-:^' 1 UZ 
X-n'^i^stz^. yrM'^rr^ y^y\y-f'ivy\2\iz 

JM^ixh. yr^J'^~fy y^C^V-'r^yyi2T 

tz. yr^f^-f^y y^yv—f-^ yi/co4"C^^*A 1 t 
[0035] ^-^ ^zm^>M'^i\.fz^^ 

M^'^ti.fz^-^^m^xm.^X i C0ff?t=3r7tfl^ 
^^i?'! 3icj:0K*fSixS;''ci6. ^tiBSl OtcJ; 

-5Tli(i$il/C*:SA iJa^hi7)WDMfi#i:-^«[$tT. 
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[00361 iieoj^tcj; 0 . WDMfi-f-coa *>«fc:S 

[00 37] {^2(7ymMm)m3 

03 (a) iz^i-f^i(mmmimi>zm.mitLfzm^T 
hh. 113 (b) (cfct^-c. ^io\mi(rmmmb 
i5i(:<. ^^wmA\,zis^ixh^mmx'hh. ttz. 

Kmt^ummx'hh. n^i eim:^yyx'h^x. m 

[0 0 3 8] mz. m2<rmmnz'o\.^x . ms (a) 

iZ7r:Lt:mi(Dmmmt(0i^\,^^mm-rtt. m2<7)m 

^13t^-^:i.U-:^14(7)i^*)(,Z. m^^iCO^ 

mn<r>'^TA<r>t:ib\,z%^rv l e^m\^i>Mizht. Z 
[0 0 3 91 (ll3<OllSfe0!l) 04 (c) 3K't'ij8S 

xt)^^m K> ^mm^4 c c7)mi^mmm.mx'h -> x . 
03 (a) iz^-t^Komii&m^mzmm'itLfzmmx' 

04 (c) ictJV^r, 0{imi<OSI*ftC»li: 

isit<, ^'pm^4izi!rtixhmm§^x'hh. ttz. 
n-^ 1 5 1 commmt mt< mmftmrnx-h K) . ^ 

^y^x-h?>. Vf^^nti^T^x'h-yX. rciT 
iimi-^co^^^x'it^j:<'^m^zmm-th. ^-^isnis. 

10 0 4 0} <xiz^ m3c^mmmi>z-:>^^x. m3 (a) 
iz^Lt:mi(ommmb(rym\>^i:mmt&t. mscm 
mmii. ^icnmrnmcoyr ^ ^^yy y 
yi3t^-^zLV-^\4cr>riJb^{z. ^y=7n 

?:fflV^WDMfi-^O^S-^)-«L^^. ^y-ovif 1 8 
l,ZX^WM:Ki<7)^n<7)^mt:^0j^\,Zh^, ZiXfiZ 

x^.m2 <^mmmt wm^z . mm^xy r -i^^yy y 

[004 1] {m4(r,mmm) 04 ( d > ti, 
m^^-a^m-t^'^com^mx'h^. 04 < a) t^v^ 

1*-^10{i:mi<0||Mfi?Ji:llt<. 3e*««4{c-i- 

tmt<v-^^]y-^x'h'o. 2imi(omm 
mtrntKyr^^^y^y-zyyv-^^tyy-chh. ^ 



mnim3comtmtmt<it:^ryX'h'yx. .ic 

■C{±3tefi-f-<^ite-^-C(4^<^*gtCf!lffl-r-S.. 9{± 

i^oTV^^, «F-^2 0(i3t#^ffi^i^-C'S>-^T. Ttfi-^?: 

rf^2ut=ii-9>)mmx'h'>x. "NDmrn^ti^h^ 

[0042] mz. 04(d) ^ZJ^iLtzmm^c^Wi^^ 
Wm-ht. itfiyy 1 7fcJ: OWDMfl-^co-^K^^ 

iTV—^A yy\ 2\,Z>M^ixh. ^(7)WDMfi-t<?3 

1 i:-ScL=5r<-^^*<07tfi-^{±. jmSS^ 2 0-C*^« 

4"i:^:SA i b^^hm,<r>%m^\iJm 

ix-^ 1 1 i.zj^^ixtzM\ i AM:^r[6i 
*^'^te-rs?t:tf>-»f-=^f j-l^— rJ' 1 1 \,zX f)'t=~-9MU 

2 UcASt^itS. ^:-^J!MSI52 It'ti. A:»3$^^ 

m3cO|IMWi:S^0*l^§^Jifi^45^>'^**. ^WkT) 

So 

[0043] (|g5£0lllfi^J) 05 (e) {i, 

A:^^¥-f-M0i£ffiis«ga54 c<r>9.m!m.mxth^x . 
04 (d) \.z^-f^4<r>mmt:mm^fdm.x'h 

h.mS (e) tfeV^T, l^^l O{imii7)||]5fe01Ji;|5l 
t<. 3t«t'ijttS4{c-griix-l.3tiii|iSfS>l., 7 
«±m3c^*fiWlfc|5|t<3t;^r7T-fc-5-C. ClClTii^t 
fi-^'73^-^T'ti^<^|iS^CfiJffl^S. ^?-f-l 8{i, l?3 
<^^0|J t |3l t < A i c7)3tfi-^w;^*^^a3SS-tir-S.* 
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B-10-77 Bit error characteristics for various degradation factors in optical 
transmission systems 

Akira AGATA, Itsuro MORITA, Keiji TANAKAand Noboru EDAGAWA 

KDDI R&D Laboratories, Inc. 

1. Introduction 

In recent years, in order to achieve a large-scale WDM transmission 
system, the importance of Forward Error Correction (FEC) technology has been 
drawing more and more attention In general, evaluation of desired FEC 
performance is made by hypothesizing that bit errors occur at random. 
However, from a result of study in theory, it has been reported that the 
occurrence of the bit errors in the optical transmission system can not be exactly 
treated as a completely random process Therefore, we experimentally 
assessed the characteristics of bit error occurrence caused by typical 
degradation factors; ASE noise, stimulated Raman scattering (SRS), XPM, 
adjacent channel cross talk (XT) and intra-channel FWM (IFXM). The result 
thereof will be reported hereinbelow. 

2. Experimental method 

Figure 1 indicates an experimental system. For measurement signal, 
RZ signal with 10.7Gbit/s (PN 15-stage) was used. First, an input state of an 
optical receiver was set so that a bit error rate (BER) becomes equal to or less 
than 1x10'^° in a state where no assumed degradation factors exists. Next, 
intensity of the degradation factors was adjusted so that the BER becomes 
approximately 1x10"^ in a state where the degradation factors are added. The 
characteristics of bit error occurrence were determined by a measuring 
instrument which can detect a position where the each bit error occurs. In this 
experiment, 10000 bit errors were assessed. 

3. Results 

Figure 2 indicates a frequency of error occurrence for each bit of 
15-stage PN sequence (32767 bits) with respect to each of the degradation 
factors. As shown in Fig. 2, it is confirmed that the bit error caused by the ASE 
noise is substantially random, in contrast, the bit errors caused by a 
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characteristic degradation due to the adjacent channel cross talk and a nonlinear 
phenonnenon, in particular, the IFWM, have quite strong pattern dependences. 
Consequently, it is revealed that in optical transmission systems in which any of 
the degradation factors other than the ASE noise is nonnegligible, the evaluation 
of the FEC performance thereof needs to be given due consideration in the 
nonrandomness in distribution of the bit error occurrence. 

4. Conclusion 

We experimentally assessed the characteristics of bit error occurrence 
caused by the typical degradation factors, namely, the ASE noise, the SRS, the 
XPM, the XT and the IFXlVi. As a result, we found that the randomness of the 
bit error occurrence is severely reduced when it is caused by the degradation 
factors other than the ASE noise. 
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Fig. 1: Experimental system (a) ASE, (b) SRS, (c) XPM (d) XT, (e) IFWM 
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Fig. 2: Frequency of error occurrence for each bit which constitutes PN 
sequence (ASE. SRS, XPM, XT. IFWM, starting from the left) 
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